Background/Objectives: To assess the validity and the reproducibility of a newly developed web-based, self-administered food frequency questionnaire (web-FFQ). Subjects/Methods: A total of 74 healthy subjects (34 men and 40 women) from the Québec City metropolitan area were asked to complete, in random order, the web-FFQ, a validated interviewer-administered FFQ (IA-FFQ) and a 3-day food record (3-day FR). Results: Mean intakes of 17/22 nutrients assessed between the web-FFQ and the 3-day FR were not significantly different (differences o10%, PX0.11). Sex and energy-adjusted de-attenuated Pearson correlation coefficients for each nutrient varied from 0.12-0.98 (mean R ¼ 0.55, 95% confidence interval 0.46; 0.63) between the web-FFQ and the 3-day FR. All correlations were significant (Pp0.01) and above 0.34 (mean R ¼ 0.59, 95% confidence interval 0.54; 0.65) between the web-FFQ and the IA-FFQ, except for sodium (R ¼ 0.17, P ¼ 0.14). Cross-classification analysis revealed that on average, 77% of subjects were classified in the same or adjacent quartile of nutrient intake between the web-FFQ and the 3-day FR. Correlation coefficients for reproducibility of the web-FFQ tested 4-6 weeks apart in the same individuals were all equal or above 0.48 (Pp0.0001; mean R ¼ 0.72, 95% confidence interval 0.68; 0.76). More than 90% of the subjects were classified in the same or adjacent quartile between the two administrations of the web-FFQ, while only 0.8% was misclassified.
Introduction
Assessment of individuals' dietary intakes has a central role in nutritional studies (Toft et al., 2008) . Commonly used dietary assessment methods consist of food frequency questionnaires (FFQs) because of their ease of administration and low costs (Subar, 2004) . Recently, web-based FFQs have gained in popularity in nutritional research, as they are thought to be particularly more efficient than interviewer-or paper self-administered FFQs in evaluating participants' dietary intakes (Matthys et al., 2007; Wong et al., 2008) . The advantages of computerized self-assessment of dietary intakes include standardization of questioning, increased privacy and confidentiality of the respondents, fast and easy electronic data processing, centralized monitoring of the questionnaires' completion, minimization of missing data, possibility to collect data in a neutral environment at any time, ease of obtaining repeat measures of diet as well as improvement in portion size estimation and recognition of the foods through food portion pictures (Nelson et al., 1994; Brener et al., 2003; Probst and Tapsell, 2005; Beasley et al., 2009) .
To the best of our knowledge, no web-based FFQ has been validated to assess dietary intakes among the French-speaking Canadian population. The purpose of the present study was to assess the validity and the reproducibility of a new web-based and self-administered quantitative FFQ designed by our group at the Institute of Nutraceuticals and Functional Foods (INAF), Laval University, Québec, QC, Canada, in a sample of healthy adult French-speaking Quebecers.
Subjects and methods

Population
In all, 84 participants aged between 18-65 years were initially recruited during the summer of 2008 through electronic messages sent to university students and employees, and to members of INAF's electronic newsletter. Among this group, 74 subjects (34 men and 40 women) agreed to take part in the study. Exclusion criteria were the presence of cardiovascular diseases, diabetes or any gastrointestinal disorder, significant weight change 6 months before the study onset, the impossibility to have access to Internet, and working in the area of nutrition (for example, dietician). The study protocol was fully explained to all participants, who provided written informed consent. The study was approved by the Clinical Research Ethics Committee of Laval University (#2008-118) .
Study design
Validity of the newly developed web-FFQ was assessed against two reference methods: a 3-day food record (3-day FR) and a validated interviewer-administered FFQ (IA-FFQ) (Goulet et al., 2004) . Participants were randomly assigned to one of six possible sequences determining the order of completion of the different dietary assessment instruments undertaken consecutively within a 4-week period. Subjects were asked to consume their usual diet throughout the study. Reproducibility was examined by asking participants to complete the web-FFQ a second time, 4-6 weeks after the first completion (test-retest method).
Development and characteristics of the web-FFQ
The web-FFQ is an online bilingual (French-English) selfadministered quantitative FFQ inquiring on respondents' food intake over the last month. The questionnaire contains 136 questions split into eight sections: dairy products, fruits, vegetables, meat and alternatives, cereals and grain products, beverages, 'other foods' and supplements.
Questions on the web-FFQ were developed based on the Willet FFQ (Willet et al., 1985) and our own in-house validated IA-FFQ (Goulet et al., 2004) . Several portion sizes based on the SU.VI.MAX food atlas (Le Moullec et al., 1996) of foods assessed in the web-FFQ were digitally photographed using standardized dinnerware (white dishes and clear glasses) and common utensils to provide perspective. Brand names or trademarks were concealed with white labels. Minimal garnish was added to a few foods to improve the appearance of pictures. Food clusters were illustrated using a photo of a relevant food in the cluster. The photographs were standardized via image cropping as well as brightness and shading adjustments before they were incorporated into the web site.
Each question was built upon a frequency-food-portion pattern (see Supplementary Figures 1 and 2 for examples). Participants were first asked to recall the frequency of consumption of an individual food item or group of foods with similar characteristics (for example, cantaloupe, watermelon and honeydew melon) in terms of day, week or month. Answer choices offered between eight and nine continuous responses ranging from 'never' to 'four or more times per day'. Once a food item or a food cluster was reported to be consumed, participants had to detail the type of food most frequently eaten over the last month (for example, white or wheat pasta), if appropriate. Multiple answer choices could be selected. Finally, respondents had to select a portion size (clickable image). Each question offered to choose between two and four food portion pictures of increasing size embedded within the options (-) or ( þ ). The order of completing the questionnaire was fixed. Thus, participants could not skip questions. It was also possible to return to previous questions at any time, using the 'previous' button or the tabs at the top of each web page, representing each section of the questionnaire.
Before the start of the validation study, informal testing for ease of use and understandability was done on a subset of approximately 20 people and modifications to the questionnaire were made if required.
Each participant received an e-mail message containing a coded username and a password that were used to confidentially login to the web-FFQ's website. Subjects completed the web-FFQ at their convenience and location of their choice. Instructions with relevant examples were provided to participants before they completed the questionnaire. Subjects were encouraged to e-mail any question to the study coordinator.
Reference methods 3-day FR. Subjects were requested to complete three nonconsecutive dietary FRs, including two weekdays and one weekend day. Study dietician provided oral and written instructions to each participant on how to complete the FRs using a standardized recording form. A total of 40% of subjects weighed foods using a scale provided by the research team. Others measured the volume of foods using household measuring utensils or indicated the weight of commercial products when it was not possible to assess portion sizes. All FRs were reviewed by the dietician upon return to ensure writing was legible and records were complete.
IA-FFQ. An IA-FFQ previously validated by our group in a French-speaking population (Goulet et al., 2004) was used as a second method to assess the relative validity of the web-FFQ. This questionnaire inquired on participants' food habits during the last month and contained 91 food items among which 27 had between one and three subquestions. The dietician involved in the study conducted the IA-FFQs in approximately 30-45 min using standardised language across all participants.
Anthropometry
At the initial visit, body weight, height and waist and hip circumferences were measured according to standardized procedures (Lohman et al., 1988) , and body mass index was calculated for each participant.
Nutritional analysis
Intakes of vitamin and mineral supplements were queried in all instruments. Consequently, all nutrient data presented are 'diet plus supplement'. The Nutrition Data System for Research (software version 4.03, Food and Nutrient Database 31, Minneapolis, MN, USA) (Schakel et al., 1988) and the Canadian Nutrient File (CNF, version 2007b, Ottawa, ON, Canada) (Health Canada, 2007) were used to create a food composition database for the analysis of data derived from the web-FFQ. Daily nutrient intake from any foods or food clusters was computed by integrating standard data on frequency of consumption, reported portion sizes and nutrient values for those foods. Nutrients supplied by each food or food cluster were then summed for total daily nutrient intake. The Nutrition Data System for Research software was used to calculate subjects' daily nutrient intake derived from the 3-day FR and the IA-FFQ. Some data were adjusted using the CNF in order to take into account regional specificities in Canada. Food intake from the FRs was calculated as the mean of the 3-day intake period.
Statistical analysis
All statistical analyses were performed in SAS (version 9.1; SAS Institute Inc., Cary, NC, USA). Means and standard deviations for energy, macronutrient and nutrient intakes related to cardiovascular health (alcohol, fiber, saturated (SFA), monounsaturated and polyunsaturated fatty acids, total trans fatty acids, eicosapentaenoic acid (EPA), docosahexaenoic acid, calcium, iron, vitamin C, folate and sodium) were calculated from the web-FFQ, the 3-day FR and the IA-FFQ. Paired t-tests were performed on crude data to determine whether there were significant differences between nutrient intakes assessed by the web-FFQ and each of the reference methods. The general linear model procedure was used to determine differences in nutrient intakes between instruments after adjustment for sex and energy intake. Adjustment for energy intake was achieved using the residual method proposed by Willet et al. (1997) . Crude as well as sex-and energy-adjusted Pearson correlation coefficients were calculated to put into relationship nutrient intakes from the web-FFQ with those from the 3-day FR and from the IA-FFQ. Correlation coefficients between the web-FFQ and the 3-day FR were de-attenuated to correct for within-person variability in the record days, using the formula described by Willet et al. (1985) . Computing intraclass correlation coefficients for the energy-adjusted macronutrients between the web-FFQ and the 3-day FR as well as between the first and the second administrations of the web-FFQ led to similar results, and thus are not shown. The Bland-Altman method (Bland and Altman, 1986 ) was used to assess the agreement between the web-FFQ and the 3-day FR across the range of intakes. Percentage agreement (±1 quartile) was calculated to assess the ability of the web-FFQ to classify respondents into similar or adjacent quartiles of intake with each of the reference methods. Total gross misclassification between the methods was defined as the classification in opposite quartiles for the highest and lowest quartiles (Q1 vs Q4 þ Q4 vs Q1). Reproducibility of the web-FFQ was assessed using similar statistical approaches. In all analyses, log-transformed data were used for variables not normally distributed. Differences were considered significant at Pp0.05. Our analyses showed no effect of the dietary assessment tools' administration sequence on the results.
Results
All 74 participants completed the first web-FFQ and the IA-FFQ. The time required for completing the web-FFQ was approximately 45 min. Five participants did not complete the 3-day FR and four did not complete the second web-FFQ for personal reasons. In order to maximize the number of participants in all analyses, 69 subjects were used to compare the web-FFQ and the 3-day FR, 74 subjects were used in the comparison between the web-FFQ and the IA-FFQ and 70 subjects were used in the web-FFQ reproducibility analysis. The mean age of the participants was 37.1 ± 14.2 years (Table 1) . Participants had a mean body mass index within the healthy range, but 41% of the sample was overweight or obese (body mass index X25 kg/m 2 ). The majority of the participants (84%) had completed a university degree.
Average daily energy and nutrient intakes estimated by the web-FFQ and the 3-day FR are shown in Table 2 . Intakes of the majority (17/22) of nutrient measured by the web-FFQ did not differ significantly from the intakes assessed by the 3-day FR (differences below 10%, PX0.11). Similar results were observed after sex and energy adjustment, except for polyunsaturated fatty acids and fibers for which differences became significant between the two assessments. In each case, however, the difference remained small (o10%). Sex-and energy-adjusted de-attenuated Pearson correlation coefficients between the web-FFQ and the 3-day FR ranged from 0.12-0.98 for macronutrient, alcohol and fiber and from 0.25-0.80 for micronutrient, with an average of 0.55 (Table 2) . Adjustment for age and body mass index did not modify these correlations. Bland-Altman plots showed, except for calcium and vitamin C, that the magnitude of the differences between the web-FFQ and the 3-day FR remained essentially stable over the range of mean intakes (plots for energy, macronutrient, alcohol and fiber are shown in Supplementary Figure 3) . Moreover, the proportion of individuals classified in the same or adjacent quartile of dietary intake averaged 77.0% (Table 3) . On the basis of all nutrients, 36.3% of subjects were classified exactly in the same quartile by the web-FFQ and the 3-day FR (data not shown), while only 5.0% were grossly misclassified. Similar results were obtained when classifying subjects according to energy-adjusted nutrient intakes (data not shown). The intakes of energy, carbohydrate, cholesterol, SFA (g and %), calcium and vitamin C were significantly underestimated in the web-FFQ compared with the IA-FFQ (Supplementary Table 1) . Conversely, the intakes of polyunsaturated fatty acids (g and %), EPA, docosahexaenoic acid and iron were significantly overestimated in the web-FFQ compared with the IA-FFQ. Pearson correlation coefficients for nutrient intakes between the web-FFQ and the IA-FFQ averaged 0.59, with significant correlations (RX0.34) for all evaluated nutrients except sodium De-attenuated Pearson correlation coefficients adjusted for sex and obtained with energy-adjusted data (except for energy). Data for the week-end day of the 3-day FR were excluded for the calculation of the de-attenuated correlation coefficient for alcohol (in grams) because inclusion of the week-end day in the calculation resulted in a very high within-person variation that incoherently increased the coefficient. Correlations between the two methods were statistically significant at **Pp0.01 and ***Pp0.0001 f Paired t-tests were performed on log-transformed values. g General linear model procedure and Pearson correlations were performed on log-transformed values.
(R ¼ 0.17). Cross-classification analysis revealed that the proportion of individuals classified within the same or adjacent quartiles of dietary intake for all nutrients averaged 84.3%, with 2.5% of subjects classified in non-adjacent quartiles (Supplementary Table 2 ). Table 4 shows average daily nutrient intakes obtained from two administrations of the web-FFQ (web-FFQ 1, web-FFQ 2) completed 4-6 weeks apart. Measurement of total energy intake and of most of the evaluated nutrients did not differ significantly between the two web-FFQ administrations. However, intakes of total and animal protein, cholesterol, EPA, docosahexaenoic acid, iron and folate were significantly lower in the second administration of the web-FFQ compared with the first administration (from À5.7 to À16.4%, Pp0.03). Similar results were observed after sex and energy adjustment except for fat, carbohydrate, SFA, monounsaturated fatty acids and sodium for which the differences between the two administrations of the web-FFQ became significant. Pearson correlation coefficients for sex-and energy-adjusted nutrient intakes between the two web-FFQs ranged from 0.48 (vitamin C) to 0.90 (EPA), with an average of 0.72. Similar results were obtained when calculating intraclass correlation coefficients (data not shown).
Bland-Altman plots showed no serious systematic bias between the two administrations of the web-FFQ over the range of mean intakes (data not shown). Cross-classification analysis showed that 81.4% (fat %) to 98.6% (alcohol %, total fiber, soluble fiber and SFA) of subjects were classified into the same or adjacent quartile of nutrient intake (Table 3) . Also, 55.4% of subjects were classified exactly in the same quartile by the two web-FFQs (data not shown), while an average of only 0.8% of subjects were classified in extreme quartiles when all nutrients were considered. 
Discussion
Results of the present study indicate that the newly developed web-FFQ has reasonable validity compared with a 3-day FR. Mean absolute intakes for most of the evaluated nutrient and proportions of energy from macronutrient and specific fatty acids did not differ significantly between the two methods. Significant overestimations were observed only for a few nutrients (for example, EPA), which could be partly explained by the different nutritional contribution of the foods grouped together in the web-FFQ database (for example, types of fish) compared with specific food items in the FRs. Another factor to consider is the duration of the reference measure: 3 days of record may not have been enough to capture the real dietary intakes of the participants over 1 month, particularly for foods that are not consumed frequently (Apovian et al., 2010) . Correlation coefficients considered as acceptable in FFQ validation studies range from 0.4-0.7 (Willet, 1994; Willet, 1998) . The mean correlation coefficient obtained in this study (R ¼ 0.55) is higher than the one reported for a web diet history questionnaire validated against a 4-day FR (R ¼ 0.41) (Beasley et al., 2009 ) and the one reported in the validation of a self-administered paper-FFQ developed in Montreal, Qc (R ¼ 0.45) (Shatenstein et al., 2005) . However, the wide variation observed in correlation coefficients between the web-FFQ and the 3-day FR doubtlessly raises the question of whether respondents are able to estimate consumption of some foods items more accurately (for example, alcoholic beverages) than others (Engle et al., 1990; Fidanza et al., 1995) . The weakest correlations were observed for estimated fat and monounsaturated fatty acids intakes. A larger within-subject variation in fat intake may in part be responsible for this although correlations remained low after de-attenuation. Participants reported higher intakes of fat based on the web-FFQ. This may be attributable to the presence of questions that inquire about added fat and fat used for cooking meats and vegetables in the web-FFQ. Participants may have overestimated specific quantities of fat used for cooking, as a quantity of fat is often used to prepare several servings of a meal rather than a single serving. Participants may also have modified their fat consumption while completing the 3-day FR or simply omitted to report added fat intake because it was easier to do so. Low correlations between methods for fat may also be attributed to between-method differences in the estimation of the frequency of consumption of fat. Dietary FRs may capture daily nutrient intakes but may not reflect usual food intake. Consequently, differences in the frequency of consumption may be more likely to occur between a 3-day FR and a web-FFQ covering the previous month than between two FFQs covering the same period. In this regard, Apovian et al. (2010) suggested that correlations may improve with tracking of more days of FR. Moreover, an important observation is that the IA-FFQ, like the web-FFQ, included questions about added fat and fat used for cooking and correlations for fat variables were much stronger between the IA-FFQ and the web-FFQ than between the 3-day FR and the web-FFQ. The use of correlation analysis for assessing validity has often been questioned on the basis that it does not measure agreement but only the strength of association between two variables (Willet et al., 1985; Bland and Altman, 1986 ). Bland-Altman plots and cross-classification into quartiles of intake were therefore used to get a measure of the agreement between variables. Bland-Altman plots showed no systematic bias for most of the nutrients evaluated by the web-FFQ, the magnitude of the differences between assessment tools being generally similar across the range of intakes. Crossclassification also showed reasonable agreement between the methods and indicates that the web-FFQ generates ranks of dietary intakes that are comparable to those obtained by a 3-day FR and another validated FFQ (Goulet et al., 2004) . In the validation study of a self-administered FFQ, Shatenstein et al. (2005) also observed an average concordance ±1 quartile of 78%, which is very similar to the present results. The averaged 5% misclassification rate can also be considered as acceptable (Masson et al., 2003) .
Our results indicated that assessment of dietary intakes using the web-FFQ shows good reproducibility. Correlation coefficients for each individual nutrient between the first and the second completion of the web-FFQ fell within or above the common acceptable range of 0.5-0.7 found in many reproducibility studies of non-web-based (Cade et al., 2002; Boucher et al., 2004; Goulet et al., 2004; Turconi et al., 2010) or computerized (Engle et al., 1990; Vereecken et al., 2010) FFQs. Cross-classification analysis also indicated a high degree of reproducibility of the web-FFQ with concordance for the same or adjacent quartile above 90% and mean misclassification percentage below 1%. The high degree of reproducibility may in part be attributable to the 4-6-weeks testing period, as true changes in dietary habit as well as variation in response are less likely to occur within a short time interval compared with a longer interval (Tsubono et al., 1995) . Cade et al. (2004) and Tsubono et al. (1995) have shown that correlation coefficients between repeat administrations of a FFQ are lower (0.06-0.15 lower) when the questionnaire is repeated after a long time interval (from 6 months to 1 year later) compared with a shorter time interval (1-6 months). On the other hand, a high initial reproducibility has been shown to attenuate the reduction in reproducibility over time (Tsubono et al., 1995) . Interestingly, estimated intake of most nutrients tended to be higher on the first than on the second administration of the web-FFQ. This observation has also been reported in previous studies assessing reproducibility of web-based and IA dietary assessment tools (Riley and Blizzard, 1995; Goulet et al., 2004; Beasley et al., 2009) . Lower intakes estimated with the second administration of the web-FFQ may be due to learning effects as well as to overburdening of the participants who also had completed the IA-FFQ and the 3-day FR before the second web-FFQ (Wong et al., 2008) .
Additional points of consideration need to be addressed. First, all standard dietary assessment methods are subjected to considerable error and bias (Willet, 1998) . A 3-day FR was used as the main reference method to assess the validity of the web-FFQ because random measurement errors of FRs tend to be independent of the errors attributed to FFQs. This prevents overestimation of the true validity of the test method (Cade et al., 2002) . Second, we chose not to exclude outliers based on energy intake, as we believed exclusion would also lead to an inflated estimate of the relative validity and reproducibility. Third, we stress that our study was not sufficiently powered to observe differences in the performance of the assessment instruments by sex. Finally, our study population characterized by a majority of highly educated people lacks generalizability to French-Canadians of lower socio-economic status. However, comparison of total energy intake and proportions of energy from macronutrient between our web-FFQ and the Canadian Community Health Survey of 2004 (Statistics Canada, 2006) suggests that the study population appears to be relatively representative of the whole adult Canadian population.
In conclusion, this newly developed web-FFQ showed good reproducibility for the assessment of nutrient intakes performed over time, which justifies its use in nutritional intervention studies devised to detect changes in nutrient intakes. Our results also showed that the web-FFQ is a reasonably valid tool for assessing and ranking dietary intakes of healthy adult French-speaking Quebecers compared with a 3-day FR. These data need to be replicated using biomarkers of dietary intake.
